OPTICAL FIBER COLLIMATOR 



BACKGROUND OF THE INVENTION 
The present invention relates to an optical fiber collimator 
in which a lens and an optical fiber are combined in order to 
collimate light emitted from an optical fiber into parallel light 
rays or to converge the parallel light rays into the optical 
fiber. The optical fiber collimator is useful in the case where 
light rays need to be kept parallel particularly in a long distance, 
for example, in an optical device having a structure in which 
parallel light rays pass through any kind of optical function 
device. 

In the optical communication field, there is used an optical 
device in which two optical fiber collimators are disposed at 
a distance from each other and opposite to each other and an 
optical function device is disposed between the two optical fiber 
collimators so that parallel light rays pass through the optical 
function device. When light rays need to be kept parallel in 
a long distance, the beam diameter needs to be made large in 
accordance with the structure of the optical function device. 

Therefore, a long focal length lens is generally used in each 
of the optical fiber collimators. 

On the other hand, in an optical device using propagation 
of light through space as described above, it is regarded as 



a matter of common knowledge that an end surface of an optical 
fiber is formed as an inclined surface in order to suppress feedback 
return light. In most cases, an obliquely polishing treatment 
is made. 

The kind of the lens used in such an optical fiber collimator 
is not particularly limited but a gradient index rod lens which 
is columnar can be easily combined with an optical fiber chip 
holding an optical fiber. This is because it is easy to made 
an arrangement for making the center axis of the rod lens coincident 
with the optical axis of the optical fiber. 

Light emitted from an optical fiber having an. end surface 
treated, to be inclined has an angle with respect to the optical 
axis because of the refractive index difference between the optical 
fiber and space. . Hence, the center of a light beam incident 
on the lens slips out of the center of the lens. It is therefore 
necessary to use a lens having a large effective diameter. Hence, 
there is a disadvantage in that the outer diameter of the optical 
fiber collimator must be large. This is because insertion loss 
increases in a small-diameter lens owing to light beam shading 
and aberration loss generated. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an optical fiber 
collimator in which light rays can be kept parallel in a long 
distance and which can be reduced in diameter in spite of low 
insertion loss so that the effective diameter of a lens can be 



used efficiently. 

According to the invention, there is provided, for example, 
an optical fiber collimator having a lens; and an optical fiber 
chip arranged at a distance from the lens, the optical fiber 
chip holding an end portion of an optical fiber and having an 
end surface treated to be inclined. Here, according to the 
invention, an optical axis of the optical fiber is configured 
to be made eccentric with respect to a center of the lens to 
thereby set a quantity of eccentricity of the optical fiber so 
that the center of the lens substantially coincides with a center 
of. a light beam incident on the lens. 

The. kind of. the lens is optional. The .lens., may be an 
inexpensive spherical lens or may be a gradient index rod lens. 
When a gradient index rod lens is used, a lens in which a surface- 
facing the optical fiber chip is treated to be. inclined may be 
preferably used as the gradient index rod lens so that, the inclined 
surface of the lens is set to be substantially parallel (but 
not necessarily, completely parallel) with the inclined end surface 
of the optical fiber chip. Further, the optical axis of the 
optical fiber is made eccentric with respect to the center of 
the rod lens so that the eccentric quantity of the optical fiber 
is set so that the center of the rod lens substantially coincides 
with the center of a light beam incident on the rod lens from 
the optical fiber. 

As a typical example of the invention, there is a cylindrical 



member in which the lens and the optical fiber chip are incorporated 
in the cylindrical member so that the center of the lens coincides 
with the center of the optical fiber chip in a condition that 
the optical fiber is inserted and held in an optical fiber insertion 
hole formed in an eccentric position of the optical fiber chip. 
Alternatively, there is provided another cylindrical member, 
which has a lens holding hole and an optical fiber chip holding 
hole formed so that the axes of the holding holes are shifted 
from each other, the lens and the optical fiber chip being inserted 
and fixed in the holding holes respectively to thereby be 
incorporated in a cylindrical member so that the optical fiber 
chip .is. made eccentric with respect to the center of the .lens, 
in a condition* -"that the optical fiber is. inserted and- held in 
an optical fiber insertion hole formed in a center of the optical 
fiber chip . 

Thepresent disclosure relates to the subject matter contained 
in Japanese patent application No. 2000-395902 ( filed on December 
26, 2000) , which is expressly incorporated herein by reference 
in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodiment of an optical 
fiber collimator according to the invention. 

Fig. 2 is a perspective view showing an external appearance 
of the optical fiber collimator. 

Fig. 3 is a view for explaining a measuring system. 



Fig. 4 is a graph showing results of measurement of insertion 
loss versus Y-direction moving distance. 

Fig. 5 is a graph showing results of measurement of insertion 
loss versus working distance (lens distance). 

Fig.- 6 is an explanatory view showing the way of defining 
angles and positions of respective members and light rays. 

Fig. 7 is a . graph showing results of simulation. 

Fig. 8 is a sectional view showing another embodiment of 
the optical fiber collimator according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
.•Fig. 1 is a sectional view showing an embodiment of an optical 
fiber collimator according to the invention. Fig. 2 is a 
perspective view of the external appearance thereof. The. optical 
fiber collimator includes a gradient index rod lens 10 with a 
long focal length, and an optical fiber chip 14 holding an end 
portion of an optical fiber 12 and arranged at a distance from 
the rod lens 10. In this embodiment, the rod lens 10 and the 
optical fiber chip 14 are shaped like columns . equal in outer 
diameter to each other. Hence, there is provided a cylindrical 
member 18 having a cavity 16 which is shaped like a circle in 
section and straight from one end to the other end so that both 
the rod lens 10 and the optical fiber chip 14 can be inserted 
in the cavity 16. That is, the optical fiber collimator has 
a structure in which the rod lens 10 and the optical fiber chip 
14 are inserted in the inside of the cylindrical member 18 and 



bonded/fixed thereinto . On the other hand, when the outer diameter 
of the rod lens is different from that of the optical fiber chip, 
there may be used a cylindrical member having cavities formed 
coaxially from its opposite ends so that both the rod lens and 
the optical fiber chip can be inserted in the cavities respectively. 

An end surface of the optical fiber 12 is formed as an inclined 
surface to suppress a reflected feedback beam. In this embodiment, 
an end surface of the optical fiber chip 14 holding the optical 
fiber 12 is polished to be inclined and, at the same time, the 
optical fiber 12 is polished to be inclined (the angle of inclination 
being generally set to about 8 degrees). .On the other hand, 
a surface of. the rod lens 10 facing the . optical fiber chip .14 
is polished to be inclined. In this embodiment,, the inclined 
surface of the rod lens 10 is set to have an angle (for example, 
of about 6 degrees) slightly different from that of the inclined 
surface .of the optical fiber chip 14. * 

In this embodiment, the optical fiber chip 14 is used so 
that the optical fiber 12 is held in a position eccentric relative 
to the center axis of the optical fiber chip 14. A through-hole 
is formed in a position which is eccentric with respect to the 
center axis of the optical fiber chip 14 by a predetermined distance 
in a predetermined direction. The optical fiber 12 is inserted 
in the optical fiber chip 14 through a spread-open portion of 
a rear end surface of the through-hole and fixed by an adhesive 
agent. Then, the front end surface. of the optical fiber chip 
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14 is polished to be inclined as described above. The optical 
fiber chip 14 produced thus is inserted in the cylindrical member 
18 to thereby make the optical axis of the optical fiber 12 eccentric 
relative to the center of the rod lens 10. The eccentric quantity 
thereof is set so that the center of the rod lens 10 substantially 
coincides with the center of a light beam incident on the rod 
lens 10 from the optical fiber 12. .... 

Incidentally, the opposite end surfaces of the rod lens 
10 and the end surface of the optical fiber chip 14 (inclusive 
of the optical fiber 12) are subjected to anti-reflection coating 
(AR coating) in the same manner as in the related art. . 

Because the end surface of the optical . fiber chip .14 is 
treated to be inclined as described above and space and glass 
are different in refractive index from each other, a light beam 
emitted from the end surf ace of the optical fiber has a predetermined 
angle with. respect to the center axis of the rod lens 10 (or 
the optical axis of the optical fiber 12) . Further, when a long 
focal length lens is used as the rod lens .10, the distance between 
the end surface of the optical fiber and the end surface of the 
rod lens becomes long. If the rod lens 10 and the optical fiber 
12 are arranged so that the center axis of the rod lens 10 coincides 
with the optical axis of the optical fiber 12, the center of 
a light beam emitted from the optical fiber 12 slips largely 
out of the center of the rod lens 10. In the invention, therefore, 
the optical fiber chip 14 in which the position of the optical 



path of the optical fiber 12 is made eccentric relative to the 
center axis of the optical fiber chip 14 is used to made a design 
as follows. That is, thfe axis of the optical fiber chip 14 -is 
shifted on the basis of calculation of the eccentric quantity 
of the optical axis of the optical fiber in advance so that a 
light beam refracted by the end surface of the optical fiber 
can .be made just incident on the center of the end surface of 
. the rod lens . 

The inclination angle of the end surface of the rod lens 
10 is determined so that a light beam transmitted in the rod 
lens is .regarded . as substantially straightly travelling and so 
that a. light beam exiting from the rod lens has a slight angle 
with respect to the center axis in consideration, of a reflected 
feedback light beam. Accordingly, a light beam can be transmitted 
•in the effective diameter of the rod lens, so light beam shading 
and aberration loss can be suppressed. Hence,, low insertion 
loss can be achieved. 

. A measured result of the influence of the eccentric quantity 
on insertion loss will be described below. Fig. 3 shows a system 
for measuring the influence. A single mode optical fiber 22 
was inserted and fixed in an optical fiber chip 24. Then, the 
optical fiber chip 24 was treated so that the inclination angle 
of an end surface of the optical fiber chip 24 was set to 8 degrees. 
As a gradient index rod lens 20, there was used a lens having 
an angular aperture of 18 degrees and a lens length of 0.1 pitches 
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and having an incidence end surface (a surface facing the optical 
fiber chip) with an inclination angle of 6 degrees. A collimated 
light beam was reflected by a mirror 26, so that loss against 
incident light was obtained. Incidentally, the distance between 
the rod lens and the optical fiber was set to 2.65 mm (constant) . 

Fig. 4. shows the relation between the moving distance of 
the optical . fiber chip 24 and insertion loss when . the optical 
fiber chip 24 is moved in an Y-direction in the condition that 
the working distance (lens distance) L is 150 mm. When the 
Y-direction moving distance is zero (that is, when the center 
axis of the rod lens coincides with. the optical axis of the optical 
fiber), insertion loss is about 0.6 dB. • It- is found that the 
insertion loss is reduced as the optical fiber chip is moved: 
in the Y-direction and that the insertion loss becomes not larger 
than 0.3 dB when the Y-direction moving- distance, becomes not 
smaller than; 100 -jam. 

Further, the insertion loss was measured while the working 
distance L was changed in the condition that the Y-direction 
moving distance was fixed to 133 jam. As shown in Fig. 5, it 
is found that the insertion loss is minimized when the working 
distance L is about 170 mm. The working distance L to minimize 
the insertion loss can be set to a desired value by changing 
the pitch of the rod lens. 

The aforementioned result was backed up with simulation. 
It is now assumed that the refractive-index distribution of 



the rod lens is most simplified as given by the following expression : 

n(r) 2 = n 0 2 {l - (g-r) 2 } 
in which n(r) is a refractive index in a position at a distance 
r from the center axis, n 0 is a refractive index on the center 
axis, and g is a quadratic refractive-index distribution 
coefficient. 

. The eccentric quantity (the Y-direction moving distance) 
of the optical fiber with respect to the center axis of the rod 
lens, the center position (the quantity of displacement from 
the center axis of the rod lens) r 2 of a light beam on the exit 
end surface of the- rod lens and the angle 84 of the beam on the 
exit end surface of the rod lens were calculated, by using this 
expression Fig . . 6 shows the way of defining the angles and 
positions of respective members and light rays. Optical 
parameters used in this simulation were as follows. 
Effective radius r 0 of the rod lens: 360 pm 
Mean refractive index n 0 of the rod lens: 1.5902 
Quadratic refractive-index distribution coefficient c[: 

0.322 mm" 1 

Length Z of the rod lens: 0.12P = 2.324 mm (in which P ( = 2n/g) 
is the pitch (periodic length) of the rod lens) 
Angular aperture of the rod lens: 12 degrees 

Inclination angle 9 2 of the end surface of the rod lens: 6 degrees 
Refractive index of the optical fiber: 1.4 6 
Inclination angle 9i of the optical fiber: 8 degrees 



Rod lens-optical fiber distance D: 2.079 mm 

Fig. 7 shows results of the calculation. It is obvious 
from Fig. 7 that the Y-direction moving distance is about 130 
m when the center position (the quantity of eccentricity with 
respect to the center axis of the rod lens) r 2 of the light beam 
on the exit end surface of the rod lens is about zero and the 
angle 9 4 .of the light beam on the exit end surface of the rod 
lens is also small. 

The method of determining the inclination angle of the end 
surface of the rod lens and the inclination angle of the end 
surface of. the optical fiber will be described . below more in 
detail.. In the optical fiber collimator according to the invention, 
the following two kinds of reflected feedback rays should^ be 
considered. Firstly, there is the case where light emitted from 
the optical fiber is made to enter the optical fiber again by 
some reflection. In this case, light reflected by the opposite 
end surfaces of the rod lens and some reflection surface outside 
the optical fiber collimator, becomes a subject of discussion. 

If the incidence end surface of the rod lens is formed as an 
inclined surface, feedback of the reflected light from the surface 
can be avoided. Further, if the rod lens is designed so that 
parallel light rays exiting from the rod lens are inclined to 
the center axis of the rod lens even slightly, feedback of reflected 
light from the exit end surface of the rod lens can be avoided. 

Although it may be considered that reflected light from the 



outside feeds back along the same course, such a case is very 
rare. Secondly, there is the case where light emitted from an 
external optical device is reflected by the optical fiber 
collimator and fed back to the external optical device. Because 
light entering . from the outside and coupled with the optical 
fiber enters the end surface of the rod lens slightly obliquely, 
feedback of light reflected on the outer surface of the rod lens 
can be avoided. Further, when the end surface of the optical 
fiber is formed as a surface inclined (for example, at 8 degrees) , 
feedback of light reflected on this surface can be also avoided. 

For the aforementioned reason, the inclination . angle 61 
of the end surface of the. optical fiber and the inclination angle 
9 2 of the end surface of the rod lens as shown in Fig. .6 have 
no particular relation with each other. The two angles may be 
equal to each other or may be different from each other / ■ Further, 
the absolute values of the two angles are not particularly limited. 

It is a matter of course that it is difficult in terms of treatment 
to form an excessively large angle . Hence, each of the two angles 
is generally set to be in a range of from 4 to 8 degrees. 

From the description, inclination angles 0i and 62 and lens 
parameters (light beam matrix) are given in a design to determine 
the position of the optical axis of the optical fiber so that 
the angle (light beam inclination angle) 0 4 of light rays on 
the exit end surface of the rod lens is set to be in a range 
of ±0.5 degrees and that the center position (the quantity of 



eccentricity with respect to the center axis of the rod lens) 
r 2 of light rays on the exit end surface of the rod lens is minimized. 
Although the distance D between the end surface of the rod lens 
and the end surface of the optical fiber is one of parameters, 
the distance is adjusted in practical assembling. 

Fig. 8 is a sectional view showing another embodiment of 
the. optical fiber collimator according to the . invention . 
Similarly to the previous embodiment, the optical fiber collimator, 
has a gradient index rod lens 30 with a long focal length, and 
an optical fiber chip 34 holding an end portion of an optical 
fiber 32 and disposed at a distance from the rod lens 30. The 
rod:, lens .30 and the optical fiber chip 34 may be shaped like, 
columns having outer diameters equal to each other : or may have 
outer diameters different from each other. 

An end surface of the optical fiber chip 34 together with 
the optical fiber 32 are polished to be inclined (at an angle 
of about 8 degrees) . A surface of the rod lens 30 facing the 
optical fiber chip is also polished to be inclined (for example, 
at an inclination angle of about 6 degrees) . The optical fiber 
chip 34 used in this embodiment is formed so that the optical 
fiber 32 is located on the center axis of the optical fiber chip 
34 in the same manner as in the related art. A cylindrical member 
38 is provided so that both the rod lens 30 and the optical fiber 
chip 34 are held therein. The cylindrical member 38 has a 
sectionally circular cavity which is formed from one end side 



so that the rod lens 30 can be inserted in the cavity, and a 
sectionally circular cavity which is formed from the other end 
side so that the optical fiber chip 34 can be inserted in the 
cavity. The cylindrical member 38 has a structure in which the 
two cavities communicate with each other in. the condition that 
the center axis of one cavity shifts by a predetermined eccentric 
quantity from the center axis of the other, cavity . The rod lens 
30 and the optical fiber chip 34 are inserted in the cylindrical 
member 38 and bonded/fixed therein. Hence, the optical axis 
of the optical fiber is made eccentric with respect to the center 
of the rod lens 30 by a predetermined quantity so that the center 
of , the rod lens 30 substantially coincides with the center of 
a light beam incident on the rod lens from the. optical fiber 
32. 

• Although the embodiments have shown the case where a gradient 
index rod lens is used as the lens, the invention may be applied 
also to a homogenous ' lens such as a spherical lens or a convex 
lens. This.is because, even in the homogeneous lens , theperipheral 
portion is large in aberration and bad in characteristic. 
Incidentally, the gradient index rod lens has an advantage in 
that the diameter of the lens can be reduced so that the lens 
can be easily combined with the optical fiber. 

As described above, in accordance with the invention, there 
is provided an optical fiber collimator in which the optical 
axis of an optical fiber is made eccentric with respect to the 



center of a lens so that the center of the lens substantially 
coincides with the center of a light beam incident on the lens 
from the optical fiber. Because light rays can be kept parallel 
in a long distance by the simple way of setting the eccentric 
quantity to an optimal value, the invention can be applied to 
all long focal length lenses. Moreover, light beam shading and 
aberration loss generated can be suppressed so that low insertion 
loss can be achieved. Hence, the effective diameter range of 
the lens can be used efficiently. 

According to the invention, even a small-diameter gradient 
index rod. lens with a small effective diameter can be used. 
Hence, the, outer diameter of the optical fiber collimator can 
be reduced. Further, a light beam can be made to pass through 
the rod lens substantially along the center axis of the rod lens 
so that the position of the light beam on the exit surface of 
the* lens is substantially located in the center of the lens and 
so that the angle of the light beam on the exit surface of the 
lens is set to about zero. Accordingly, when two optical fiber 
collimators are disposed opposite to each other, the positional 
displacement of the two optical fiber collimators from each other 
can be reduced. Hence, reduction in diameter or size of the 
optical device can be attained. 



